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AIRCRAFT SYNTHESIS AND SYSTEMS EVALUATION METHOD FOR 
DETERMINING AND EVALUATING ELECTRICAL POWER GENERATION AND 
DIS-TRIBUTiON-SYSTEMCOMPONENTS 

FIELD OF THE INVENTION 
[0001] The present invention relates to systems and methods for 
designing components, subsystems, systems and structure of aircraft, and more 
particularly to a system and method for predicting and analyzing the needed 
electrical power generation and distribution system (EPGDS) components, 
subsystems and systems and the performance of such an EPGDS, for an 
aircraft in any phase of the design of the aircraft. 

REFERENCE TO COMPUTER PROGRAM LISTING 
[0002] A CDROM with two files including materials forming a portion of 
a computer program for the present invention is included on a CDROM 
accompanying the present application. These two files are hereby incorporated 
by reference into the present application. The first file is "Functional Spec, doc 
(created May 4, 2001, 2,083,372 bytes) and the second file is "Epgds.doc+" 
(created May 7, 2001, 19,968 bytes) 

BACKGROUND OF THE INVENTION 
[0003] A recurring challenge faced by aircraft weight engineers is to 
provide good weight information early in an aircraft aircraft design process. This 
is necessary in order to be able to influence the aircraft design at relatively low 
cost and when the opportunity to do so exists. 

[0004] Present day parametric/statistical weight analysis methods are 
grossly inadequate in ensuring weight efficiency and weight compliance of 
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aerospace products. These methods produce estimates with large, 

u n exp I a i na bl e to I e ra n ces"a nd~a re i n~ sen rs iti ve"to"Key~i d esig n pa ra mete rs , t hus~ 

precluding the ability to adequately discriminate between design variations or 

perform rapid trade studies. This makes early, effective weight control and 

design guidance difficult and increases the cycle time for design convergence. 

Consequently, weight growth of an aircraft under design occurs during the 

detailed design phase, thus often requiring costly rework and weight reduction 

programs. This also results in heavier than necessary aircraft empty weights, 

thus negatively effecting the competitiveness of the products. 

[0005] In the preliminary or conceptual design phase of an aircraft, 
many factors are considered involving alternative electrical subsystems which 
each have many pluses and minuses. Some important trade factors such as 
reliability, maintainability and/or dependability cost have historically been done by 
disciplines other than mass properties. Quick assessments of this suite of trade 
factors, in addition to the mass properties of various electrical components and 
subsystems, can be extremely useful during the definition phase of the aircraft 
design process in minimizing the overall weight of the aircraft. 

[0006] It would therefore be desirable to provide a design 
approximation system and method which provides sufficient design detail during 
the definition phase of an aircraft design to calculate not only the mass properties 
of various component level parts of an aircraft's EPGDS, but also system 

o++riKi i+ao ci tr*Vy r\ o pnot rr\ I i o k\ i 1 1+ \ / r-» /~l rv^***;«+*^i»-»^l-*;ii4-» # tk»"/M i/tU iU4!*m-.« 

<vw *ww xswtwi • «-4 vsvswv, i viimmiiiij Ui iu ■ ■ iuii I LkAll IUVII M II VJU^I I OCd^/UICillV/l IO UOII iy 

knowledge-based design principles. It would also be highly desirable to present 
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such information in a format that allows an aircraft designer to easily perform 

multi-leveRrade studies to gauge thexosts^^ 

subsystems and/or component level items of EPGDS designs. 

[0007] It would also be desirable to provide such a design 
approximation tool as described above which is capable of being used with a 
minimum of as few as two aircraft parameters being input by the aircraft designer 
or engineer, such as the number of engines and the maximum take off weight 
(MTOW) of an aircraft. 

[0008] It would be further desirable to provide such a knowledge- 
based, design approximation and weight assessment tool which provides early 
rapid definitive weight determination and control at any stage in a product 
definition cycle, and which can facilitate early and rapid dependability cost 
determination and control, as well as provide information on other system 
attributes such as reliability and maintainability. 

SUMMARY OF THE INVENTION 
[0009] The above and other objectives are provided by a system and 
method which provides design-based weight analysis of an electrical power 
generation and distribution system for an aircraft from inputs involving a 
combination of aircraft level configuration data, as well as from knowledge based 
algorithms. The system and method of the present invention uses automated 
knnwjpHnp-hpQ^rj algorithms to provids the initis! characterize tier, of the EPGDS 
for the aircraft. 
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[0010] The method and apparatus of the present invention provides for 

evaJuatin'g'the'electric^ 

aircraft from a plurality of perspectives involving weight, body station center of 
gravity, dependability cost, reliability and maintainability. The invention 
calculates multiple system attributes of the EPGDS which allows rapid trade 
study capability in comparison with alternative EPGDS designs. The invention 
significantly reduces cycle time in the risk assessment process and allows an 
aircraft designer to more easily control or influence the overall weight of the 
aircraft. 

[0011] In one preferred form, the present invention is provided in the 
form of a user friendly, robust software program. Calculated values for all aircraft 
and EPGDS parameters are constructed from a minimum of two inputs: the 
number of engines (NE) to be used on an aircraft and the maximum takeoff 
weight (MTOW) of the aircraft. Three additional high level parameters/variables 
that the design engineer can modify are aircraft type, the number of passengers 
to be accommodated, and the range of the aircraft. 

[0012] From the above high level parameters input by the designer, the 
system and method calculates a wide range of information concerning the 
EPGDS which is presented to the user in a plurality of easily accessible and 
viewable screens formats in several distinct categories. An Electronic Data 
Dictionary provides the user with access to the various formulas and other 
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[0013] The information calculated by the software relates to a plurality 

oTdistinct~clesign corfsideratiorrsT The^ desiglil^nside'^ 

as "configuration", "electrical loads", "architecture", "generation", "distribution", 

"system attributes" and "weight summaries". The "configuration" information 

includes information pertaining to specific dimensions of components of the 

aircraft as well as body station location information for various major structural 

components of the aircraft. It also contains relevant flight control, frequency type, 

and technology era information. The "electrical loads" information pertains to the 

AC and DC electrical loads that are expected to be experienced by the aircraft 

during six flight phases of aircraft operation, as well as the number and types of 

various pumps, fans, motors, transformers and other electrical components, and 

the power requirements of such components. The "architecture" information 

provides the designer with information on the architectures of the major 

subsystems of the aircraft. The "generation" information provided to the designer 

is directed to various electrical generation components and their electrical load 

requirements. The "distribution" information is directed to various power feeder 

and power panel subsystems and analysis of variables relating to their 

components. The "systems attributes" information provides the designer with 

dependability cost, reliability and maintainability information. Each one of these 

three system attribute submodules further provides a variety of specific 

information relating to the dependability cost, reliability and maintainability of 
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probabilities associated with maintaining such component parts and designs. 
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[0014] The Electronic Data Dictionary contains all engineering theory 
and formulas related to the calculations performed~bylhe metftod~ahcJ apparatus 
of the present invention. The electronic data dictionary allows the designer to 
review the theoretical equations and associated text explanations associated with 
each parameter/variable operated on by the software through a "Help" menu 
function which is displayed on all of the screens of the software program. A 
"Notes" field is used to provide a simplified explanation of the formula being 
viewed. A separate functional specification attached as Appendix A, and hereby 
incorporated by reference, describes the sequence of calculation of the 
"varnames" in the data dictionary and screen layouts. 

[0015] The formulas and algorithms used by the method and apparatus 
of the present invention are applicable to all design phases. This permits 
seamless use through design phases from preliminary through detailed design, 
thus avoiding discontinuities caused by switching between various estimation 
methods. If better knowledge of any one of the numerous plurality of 
parameters/variables exists, it is possible to override previously input values 
calculated by the method and to "lock in" those new values for subsequent 
calculations performed by the invention. Calculations then proceed by the 
software in a "tumble-down" manner, thus affecting the determination of 
"downstream" calculations. Having the designer insert known, more accurate 
values and re-calculate downstream parameters improves the accuracy of 
downstream parameters/variabies. Once a (jaiameler value is locked in by the 
user, it cannot be changed by the invention by higher-level "upstream" values. 
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Thus, "locking in" better values allows the designer to incrementally improve the 
accuracy of the information generated by the software as the aircraft"clesign 
process progresses through the^preliminary phase to the detailed design phase. 

[0016] The method and apparatus of the present invention also makes 
it possible to do trade studies comparing competing EPGDS candidates from the 
several perspectives of the system attributes. The software of the present 
invention is very fast when compared to conventional, manual techniques. 
Selection of specific part and LRU level components can be changed by the user 
at various locations within the software. The present invention also supports 
design activities associated with upgrading derivative aircraft as well as the 
design of new aircraft. 

[0017] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] The present invention will become more fully understood from 

the detailed description and the accompanying drawings, wherein: 

[0019] Figure 1 is a simplified block diagram of the major modules of a 

preferred embodiment o\ Li it? System and rricthod of the present invention; 
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[0020] Figure 2 illustrates the Aircraft Parameters screen of the 
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software together with the pulfdown menu associat^^ittrth^Tile""me"nu tab; 

[0021] Figure 3 illustrates the selections of the pull down menu 
associated with the "Run" menu tab; 

[0022] Figure 4 illustrates the pull down menus associated with the 
"Goto" menu tab; 

[0023] Figures 5A and 5B illustrate the Configuration screen; 

[0024] Figure 6 illustrates the AC Electrical Load Characterization 
screen; 

[0025] Figures7A-7D illustrate the AC Load Summary By Flight Phase 
screen; 

[0026] Figure 8 illustrates the Essential AC Loads screen; 
[0027] Figure 9 illustrates the pull down menu associated with the DC 
menu option; 

[0028] Figure 10 illustrates the DC Electrical Load Characterization 
screen; 

[0029] Figures 11A-11C illustrate the DC Load Summary By Flight 
Phase screen; 

[0030] Figure 12 illustrates the Standby DC Loads screen; 
[0031] Figure 13 illustrates the IFE screen; 

[0032] Figure 14 illustrates the pull down menu associated with the 
Architecture menu upiiun; 

[0033] Figure 15 illustrates the Main/Backup AC System screen; 
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[0034] Figure 16 illustrates the DC/Standby System screen; 

~~ [0035] Figur^17llustratM" 

[0036] Figure 18 illustrates the APU Starting System screen; 

[0037] Figure 19 illustrates the Ground Service & Handling screen; 

[0038] Figure 20 illustrates the pull down menu associated with the 

Generation menu option; 

21 illustrates the AC Power Generation screen; 

22 illustrates the APU Generator screen; 

23 illustrates the Generator Control Units screen; 

24 illustrates the Back Up AC Power screen; 
25 illustrates the Transformer Rectifier Unit (TRU) 

26 illustrates the Batteries and Battery Chargers screen; 

27 illustrates the Flight Control DC Power screen; 

28 illustrates the Transformers screen; 

29 illustrates the pull down menu associated with the 
Distribution menu option; 

[0048] Figure 30 illustrates the Feeder Configuration screen; 

[0049] Figure 31 illustrates the Feeder Diagram screen; 

[0050] Figure 32 illustrates the Feeder Analysis screen; 

[0051] Figure 33 illustrates the Wire Type & Weight screen; 

[UUQ^J nyui t; o*+ iiiuchi aico uio ranci icumuiu^j w^iCCUOi! CC. OCT., 
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[0053] Figure 35 illustrates the pull down menu associated with the 
Dependability Cost menu option; 

[0054] Figure 36 illustrates the Common Dependability Cost Inputs 
screen; 

[0055] Figure 37 illustrates the System Acquisition Costs screen; 

[0056] Figure 38 illustrates the Fuel Costs screen; 

[0057] Figure 39 illustrates the Spares Costs screen; 

[0058] Figure 40 illustrates the Line Maintenance Costs screen; 

[0059] Figure 41 illustrates the Shop Maintenance Costs screen; 

[0060] Figure 42 illustrates the Scheduled Maintenance Costs screen; 

[0061] Figure 43 illustrates the Schedule Interruption Costs screen; 

[0062] Figure 44 illustrates the Dependability Cost Summary screen; 

[0063] Figure 45 illustrates the pull down menu associated with the 
Reliability menu option; 

[0064] Figure 46 illustrates the Reliability Inputs screen; 

[0065] Figure 47 illustrates the Main Power Reliability screen; 

[0066] Figure 48 illustrates the Backup Power Reliability screen; 

[0067] Figure 49 illustrates the Standby Power Reliability screen; 

[0068] Figure 50 illustrates the FCDC Power Reliability screen; 

[0069] Figure 51 illustrates the pull down menu associated with the 
Maintainability option; 

[0070j Figure 52 iiiusi.rai.es Mdirii6ridriC6 Times screen; 

[0071] Figure 53 illustrates Preparation Times screen; 
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[0072] Figure 54 illustrates Inherent Availability screen; 
[0073] Figure 55 illustrates the pull down menu associated^with^the 
ATA 24 Weight Summary menu option; 





[0074] 


Figure 
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illustrates the 24-09, Electrical Power Distribution 




screen; 










[0075] 


Figure 
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illustrates the 24-10, Generator Drive screen; 




[0076] 


Figure 
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illustrates the 24-21 , Power and Regulation screen; 




[0077] 


Figure 
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illustrates the 24-22, Controls and Indication screen; 
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[0078] 


Figure 
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illustrates the 24-25, Back-up Generator screen; 




[0079] 


Figure 
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illustrates the 24-28, Feeders screen; 
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[0080] 


Figure 
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illustrates the 24-31 , Batteries screen; 




[0081] 


Figure 
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illustrates the 24-32, Transformer Rectifier screen; 
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[0082] 


Figure 
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illustrates the 24-33, Emergency Generator screen; 
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[0083] 


Figure 


65 


illustrates the 24-35, Flight-Control DC Power screen; 




[0084] 


Figure 


66 


illustrates the 24-40, External Power screen; 




[0085] 


Figure 
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illustrates the 24-51 , AC Power Distribution screen; 




[0086] 


Figure 


68 


illustrates the 24-60, DC Power Distribution screen; 




[0087] 


Figure 


69 


illustrates the WW-01 , Wiring Provision screen; 




[0088] 


Figure 


70 


illustrates the ATA Chapter 24 Weight Totals screen; 




[0089] 


Figure 


71 


illustrates the pull down menu associated with the FC 



32 Weight Summaries menu option; 

[0090] Figure (I illustrates the puii down menu assudateu with the 
Report menu tab; 
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[0091] Figure 73A and 73B illustrates the FC 32 Report screen; 



[0092] Figure 74 illustrates the Alf Variables screen; 

[0093] Figure 75 illustrates the pull down menu associated with the 
Charts menu option; 

[0094] Figure 76 illustrates the Dependability Cost Summary screen; 

[0095] Figure 77 illustrates the FC32, Total EPGDS Weight screen; 

[0096] Figure 78 illustrates the FC 32-01, AC Power System Weight 
Screen; 

[0097] Figure 79 illustrates the FC 32-08, Power Panels & ELMS 
screen; 

[0098] Figure 80 illustrates the FC 32-01-90, AC Electrical System 
Wiring screen; and 

[0099] Figure 81 illustrates the Below Wing Weight screen. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00100] The following description of the preferred embodiment(s) is 
merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. 

[00101] Referring to Figure 1, there is shown a diagram of the major 
modules of a system and method 10 in accordance with a preferred embodiment 
of the present invention. It will be appreciated immediately that the system 10 is 
implemented in a user-iriendiy suuwaie program adapted to run en a suitable 
computer system such as those manufactured by the Hewlett Packard 
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Corporation in the form of an Hp-Ux server with PC workstations as clients, and 
Thcbrp^ating~a~Mo 

[00102] The system 10 essentially comprises an aircraft synthesis and 
systems evaluation technique (ASSET) which, in the embodiment illustrated in 
Figure 1, is specifically implemented, in this example, in connection with the 
design of an electrical power generation and distribution system (EPGDS) for an 
aircraft. However, it will be appreciated that the software program of the present 
advantage could be readily modified to accommodate the development of other 
components, subsystems, systems or structure of aircraft, rotorcraft, spacecraft 
or other aerospace vehicles. For example, the system 10 could be modified to 
enable a designer to evaluate a wide variety of variables/parameters of a landing 
gear system of an aircraft. 

[00103] The system 10 allows a designer to define major aircraft 
parameters and/or variables via an Airplane Parameters module 12. In one 
preferred embodiment, at least two parameters, the number of engines (NE) of 
an aircraft and the maximum takeoff weight (MTOW) of the aircraft, are required 
for the system to be able to perform the necessary calculations to provide the 
needed information to the designer. From this information, the system 10 
calculates, through a plurality of stored formulas and knowledge-based 
engineering algorithms, the following information: the configuration of an aircraft 
under design, via a configuration module 14; the architecture of several major 

SuuSySici i iS i dating iw u io i i u^u, via an Architecture module 1 S , end 

information concerning the analysis of the AC and DC loads of electrical 
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components used on the aircraft, via a Loads module 18. From information 

generated by these modules, additional~raIculations are performed bylhe system" 

10 to determine the components and attributes of various electrical power 

generation components (i.e., line replaceable units (LRUs)) used on the aircraft 

via a Generation module 20, information concerning the power distribution 

system and components used on the aircraft via a Distribution module 22, 

various system attributes such as dependability cost, reliability and 

maintainability via a System Attributes module 24, and weight summary 

information via a Weight Summaries module 26. The Weight Summaries module 

26 provides highly useful weight information to the designer at the earliest stages 

of the design process. This significantly improves the ability of the designer to 

influence and control weight considerations very early on in the design process. 

The variables/parameters associated with each of these modules, as well as the 

various other modules of the system 10, in addition to the numerous formulas 

used by the system, are provided in the "Software Functional Specification" for 

the system which is attached hereto as Appendix A in the accompanying 

Computer Program Listing Appendix on compact disc, and which is hereby 

incorporated by reference into the present application. 

[00104] The above-described information provides the aircraft designer 

with a highly useful overall "picture" of the subsystems, LRUs, electrical 

characteristics, weight factors, and various other attributes associated with the 

t^uDS of the aircraft. impuiituiLiy, aiiu as will become mere apparent 

throughout the following discussion, the system 10 provides the designer with the 
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opportunity to change any one or more of a large plurality of 

parameters/variables associated with EPGDS i design cbnsideratibns~and~to have 

the system 10 re-calculate those parameters/variables affected by the changes 

input by the designer. The system 10 also permits the designer to "lock in" 

virtually any of the parameters/variables that the system has calculated (or that 

the designer has input) such that same cannot be overridden by the system in 

subsequent calculations. This makes the system 10 especially useful for 

generating information which can be used in multi-level trade studies to evaluate 

competing EPGDS subsystem designs. This feature also allows the designer to 

replace previously calculated estimates of various attributes with known (i.e., 

better or more accurate) data as such data becomes available to the designer. 

Thus, as better knowledge of each of the hundreds of design parameters, 

EPGDS components and variables under consideration becomes available, the 

designer is able to override previously calculated attributes or values and then 

lock them in before performing further calculations with the system 10. Inserting 

known, more accurate values and attributes improves the accuracy of 

"downstream" calculations performed by the system 10. Moreover, once a 

parameter value is locked in by the designer, it cannot be altered by changes in 

"upstream" values made by the system 10 or the designer. This feature of 

allowing the designer to "lock in" more accurate values, parameters or attributes 

allows the designer to incrementally improve the accuracy of the information 

generated by xhe system iu as ii is used by Liie designer frcm the preliminary 

design phase to the detailed design phase of an aircraft. 
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[00105] An additional feature of the system 10 is an Electronic Data 
Dictionary 287 The ElectronicrData~Dictionary"281s accessible~to"tfTe""designer at" 
any screen of the software of the system 10 via a "Help" menu tab. The 
Electronic Data Dictionary 28 provides the designer with information concerning 
the numerous variables and formulas used by the system 10 to perform its 
calculations. The formulas and algorithms incorporated in the Electronic Data 
Dictionary 28 are applicable to all design phases. This permits "seamless" use of 
the system 10 from the preliminary design phase through the detailed design 
phase, thus avoiding discontinuities which could be caused by switching between 
varying design methods. Further, this Electronic Data Dictionary 28 is integrated 
with the compilation of new versions of the program of the present invention 
simplifying the programmer's task and improving the invention's fidelity. 

[00106] The Configuration module 14 is used for general parameters 
needed by the Loads module 18, the Architecture module 16, the Generation 
module 20, the Distribution module 22, and the System Attributes module 24. 
The specific parameters are illustrated in Figures 5A and 5B which show the 
Configuration screen of the software of the system 10. 

[00107] The Architecture module 16 includes screens, illustrated in 
Figures 15-19, which default to one of four typical electrical power system 
architectures: quad engine fly-by-wire, quad engine non-fly-by-wire, twin engine 
fly-by-wire, and twin engine non-fly-by-wire. Once an architecture is selected, a 
defauii sel uT LRUs is automatically input into a plurality of ATA 24 cttributc 
screens (Appendix B) which denote the most typical LRU selection for that 
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architecture. Appendix B is hereby incorporated by reference into the present 

application. For example^ a million pound class, four engine (Quad), rion-fly-by-" 

wire aircraft defaults to certain LRU group, such as an LRU group for a 747 

aircraft of the assignee. These default LRU selections can be altered and the 

changes locked by the user, as described herein. If a radically different 

architecture is to be used, the designer should select the closest default 

architecture as a starting point. It is then the designer's responsibility to populate 

the attribute screens (to be discussed) with the appropriate type and number of 

LRUs. The one-line diagrams illustrated in the attribute screens may then be 

invalid and should only be used with care by the designer. 

[00108] The Loads module 18 is used to perform loads analysis, which 
drives the power system capacity ratings of its LRUs. The Load module 18 
performs five distinct functions: full AC loads analysis, essential loads analysis, 
DC loads analysis, standby loads analysis, and in-flight entertainment (IFE) loads 
analysis. The screens associated with the Loads module 18 will be described in 
connection with Figures 4-13. 

[00109] The Generation module 20 performs the sizing of the generation 
LRUs and relies upon data extracted from the Loads module 18 and the 
Architecture module 16. The Loads module 18 dictates the required AC and DC 
load capacities and the Architecture module 16 specifies the quantities of the 
various LRUs. The screens associated with the Generation module 20 will be 
discussed in connection wiih Figures 20-23. 
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[00110] The Distribution module 22 determines the weight of the power 
feeders and distributiolTpan^ls^"fthe aircrafTarTdTelies uporTdata^tracted'fforTf 
the Airplane Parameters module 12, the Configuration module 14, the 
Generation module 20 and the Architecture module 16. The screens associated 
with the Distribution module are illustrated in Figures 29-34. 

[00111] The System Attributes module 24 generates performance 
factors which are used to characterize and quantify the merits of various EPGDS 
designs. System attribute information is highly useful when comparing various 
alternative electrical systems. The System Attributes module 24 calculates 
information relating to three factors: dependability cost, reliability and 
maintainability of the components of the EPGDS. The dependability cost relates 
to the dependability cost of the main generators of the aircraft's electrical system. 
Reliability is calculated for the Main and Standby electrical power systems, the 
Backup system when appropriate, and the Flight Control DC (FCDC) system for 
fly-by-wire architectures. The reliability is calculated based on the flight length 
and on the failure rates and probabilities associated with LRUs affecting the 
availability of the various power sources. Maintainability information is calculated 
by the system 10 using the parameters "Mean Time To Repair (MTTR), "Mean 
Maintenance Preparation Time" (MMPT), "Mean Maintenance Down Time" 
(MMDT), "Mean Time Between Maintenance" (MTBM), and "Inherent Availability" 
(IA). These parameters are calculated for the main generator (either integrated 
drive generator (iDG) or variable frequency generator (VFG). They are also 
based on the "Mean Time Between Unscheduled Removals" (MTBUR), the 
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maintenance intervals for servicing and adjustment, and the mean times required 

for the various maintenance tasks. "The screens associat^"witfTtFe~Systeffis^ 

Attributes module 24 will be discussed further in connection with Figures 35-54. 

[00112] The Weight Summaries module 26 involves calculations relating 
to three weight summaries: ATA 24 weight summary, FC 32 weight summary 
and "Below Wing" weight. The ATA 24 weight summary is concerned with 
electrical power generation and distribution. It is the system typically used by 
electrical power system engineers to keep track of the weight of the electrical 
power system. All weights of all LRUs are calculated by the system 10 
regardless of whether they make the ATA 24 lists or not. The FC 32 weight 
summary is also concerned with electrical power generation and distribution 
system weights, but it is in the preferred format used by mass properties 
engineers. The below wing weight information is used typically by propulsion 
engineers. This provides the below wing weight of the EPGDS for each 
nacelle/strut combination and the total below wing weight for all of the 
nacelle/struts. The screens associated with the Weight Summaries module 26 
are illustrated in Appendix B, which is hereby incorporated by reference 

[00113] Referring to Figure 2, the "Airplane Parameters" screen 32 
associated with the Airplane Parameters module 12 is shown. It will be 
appreciated that this screen 32, as well as each of the screens subsequently 
described herein, each include "File", "Run", "Goto" and "Report" menu tabs. 
Selecting each one of these menu labs pruuuut;s> a puli down menu. Tha 
pulldown menu for the "File" menu tab is such as that shown in Figure 2 with a 
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plurality of options for saving, as a file, the information the designer is currently 

using with the system and method 10. Th^AirplalierPara meters" s^er^321^arr 

be seen to provide a number of fields in which the designer can input desired 

values. As described hereinbefore, preferably only two of the fields, those being 

the "Number of Engines" and the "Maximum Takeoff Weight" are fields which 

require inputs from the designer. The system 10 uses calculates each of the 

remaining fields. The designer may alter these values estimated by the system. 

The "lock-in" symbol 34 can be used by the designer to lock-in a value such that 

the system 10 cannot modify the locked-in value during subsequent calculations. 

Selector 36 indicates that the user selected maximum take-off weight (MTOW) of 

300,000 lbs. has been locked-in by the designer. It could not be altered by the 

system 10 in any case since it is one of the two top level parameters (along with 

number of engines). Field 38 is an option for the designer to select either a 

"Narrow Body" or a "Wide Body" aircraft via the pull down menu arrow 40. 

[00114] Figure 3 indicates the Airplane Parameters screen 32 but with 

the "Run" selection selected. This produces a pull down menu providing a 

"Calculate" option 42 and an "Optimize" option 44. The "Calculate" option causes 

the system 10 to re-calculate the various parameters and attributes on the screen 

that will change after the designer has changed one of the user definable inputs. 

The "Optimize" selection 44 re-calculates everything on the screen. In each of 

the foregoing and subsequently described screens of the system 10, a "Help" 

menu tab 46 aiiows the user iu auuess ihe Electronic Data Dictionary 2S for 
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information on any particular variable or component being used by the system 

TO."" " ~ ~ 

[00115] Referring now to Figure 4, the pull down menu of the "Goto" 

menu tab is illustrated. This pull down menu indicates several major subsystem 

selections which may be selected by the designer for review and/or modification. 

The EPGDS submenu item is shown being selected. This selection produces a 

second pull down menu listing the options of "Configuration", "Loads", 

"Architecture", "Generation", "Distribution", "System Attributes", and "Weight 

Summaries". With brief reference to Figures 5a and 5b, the Configuration screen 

48 is shown. It will be appreciated that Figure 5b is a continuation of the screen 

shown in Figure 5a. A vertical scroll bar 50 allows the designer to scroll up and 

down among the various fields of this screen. The Configuration screen 48 

includes a number of screens more closely related to the configuration of the 

aircraft fuselage. Field 48a allows a designer to select a "Frequency Type" value 

of "Constant" or "Variable". "Constant" means 400 Hz. "Variable" means the 

frequency changes with engine speed between about 300 and 700 Hz. The 

designer is also allowed to select a "Technology" Era" which uses current era 

LRUs or what is predicted to be available within a future time frame, such a by 

year 2005. The remaining fields all contain variables which the system 10 will 

calculate, based on the original inputs by the designer in the Airplane Parameters 

screen 32. However, the designer has the option of changing the system 10 

caicuiaied vaiue displayed in any one of these fields and also cf locking in the 

input value he/she inputs. 
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[00116] Referring again to Figure 4, if the designer selects the "Loads" 
option in the second pull down menu, then a plurality "of menu suboptions aire" 
presented in a third pull down menu. These options are "Full AC", "Essential AC 
Loads", "DC", "Standby DC Loads" and "IFE" (in-flight entertainment). Selecting 
the "Full AC" option produces a fourth pull down menu with the options "AC 
Electrical Load Characterization" and "AC Load Summary By Flight Phase". The 
"AC Electrical Load Characterization" screen 52 is shown in Figure 6. This 
screen 52 provides a number of fields for the designer to select desired numbers 
of certain electrical components such as fans, TRUs (transformer rectifier units), 
ACMPs (alternating current motor pumps) and various other pumps. Each of 
these numbers can also be locked in by the designer. 

[00117] Referring to Figures 7a-7d, the "AC Load Summary By Flight 
Phase" screen 54 can be shown. Screen 54 presents the AC load in kVA for 
each one of three operational phases of the aircraft denoted as "Passenger 
Loading", "Engine Start", "Taxi Out", "Take Off and Climb", "Cruise" and "Descent 
and Land". Scroll bar 56 allows the user to scroll up and down within screen 54. 
The "Maximum Flight Phase Load" is the maximum load experienced in any of 
the six foregoing flight phases. In this example, the "Take Off and Climb" phase 
illustrated in Figures 7c and 7d produces the maximum flight phase load of 
1 16.88 kVA with a power factor of 0.96. 

[00118] Referring now to Figure 8, the "Essential AC Loads" screen 58, 
which can be selected from the third puii uuwn menu in Figure 4, is illustrated. 
This screen 58 provides the user with suggested quantities of various types of 
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fans and pumps along with an approximation of the electrical load per unit of 

each item. The designer can modify the value^i^layedHnlan 

and lock in the modified value. 

[00119] Figures 9-11 illustrate the two options "DC Electrical Load 
Characterization" and "DC Load Summary By Flight Phase" for six flight phases 
as similar to described in Figures 7a-7d. 

[00120] Figure 12 illustrates the "Standby DC Loads" screen 60 which 
shows the Emergency/Standby Load calculated by the system 10 in amps. This 
value represents the minimum number of amps needed to run the electrical 
systems of the aircraft. 

[00121] Figure 13 illustrates the IFE screen 62 showing various power 
and utilization factors associated with the IFE of the aircraft. 

[00122] Referring now to Figure 14, the "Architecture" selection in the 
second pull down menu is shown as being selected. This module populates the 
system 10 with electrical generation/conversion components to generate systems 
weight. Along with the Loads analysis, the Architecture analysis forms the basis 
for sizing power sources for the aircraft under design. The first selection in the 
third pull down column, "Main/Backup AC System", is illustrated in Figure 15. 
This is a one-line diagram of a twin, fly-by-wire, isolated architecture drawn by 
the method for the aircraft being analyzed. 

[00123] The second selection, "DC/Standby System", is shown in Figure 
16, which forms a flow diagram 66 of the seieuieu system (in mis case a twin, f!y- 
by-wire) system. Figure 17 illustrates a system diagram 68 illustrating the 
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determined "Flight Control DC" subsystem. Figure 18 illustrates the "APU 

Starting System" ^agrarrT70~and Figure T9~illus^ 

Handling" flow diagram 72. 

[00124] Referring now to Figure 20, the "Generation" selection in the 
second pull down menu is shown as being selected, which produces nine 
submenu selections in a third pull down menu. The "AC Power Generation" 
selection has been chosen, and this screen 74 is shown in Figure 21. Screen 74 
provides a designer with various generator performance attributes, each of which 
may be modified and locked-in by the designer. Screen 76 (Figure 22) illustrates 
the "APU Generator" screen which provides a designer with attributes of the 
auxiliary power unit (APU) required for the aircraft. Figure 23 illustrates the 
"Generator Control Units" screen 78 giving attributes of the calculated generator 
control unit. Figure 24 illustrates the "Back Up AC Power" screen 80 giving the 
designer the attributes of a variable speed constant frequency (VSCF) system, 
standalone converter, and permanent magnet generator (PMG). Figures 26-28 
provide the screens associated with the "Batteries And Battery Chargers", "Flight 
Control DC Power" and "Transformers". 

[00125] Referring now to Figure 29, the "Distribution" menu selection in 
the second pull down menu is shown as being selected. This selection provides 
the designer with five subscreens illustrated in Figures 30-34 relating to the main 
power feeder configuration calculated for the aircraft. Figure 30 provides the 
designer with eieven system 10 bundle configurations or the option to have r.one. 
Figure 31 provides the designer with the system 10 selected feeder materials, 
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and the designer has the option to modify the selected materials and/or gages to 

select either copper, aluminum^^he", andlo lock-in his/t^r ^l^tionT Figure^ 

31 also provides the designer with the system 10 selected feeder gages, and the 

designer has the option to modify the selected gages and to select either 4/0, 

3/0, 2/0, 1/0, 1, 2, 4, 8 or "none", and to lock-in his/her selection. Figure 34 

provides the designer with panel technology factors relating to the "Backplane", 

"ELMS" and "Other". By changing the technology factor, the weight of the 

technology under consideration is directly changed from current best practice. 

[00126] Referring now to Figure 35, the "System Attributes" selection in 

the second pull down menu is shown as being selected, which produces a third 

pull down menu providing the menu selections of "Dependability Cost", 

"Reliability" and "Maintainability". Figures 36-44 illustrate the screens associated 

with the nine selections in the fourth pull down menu of Figure 35. The 

dependability information provided in these screens is highly useful to the 

designer in allowing the designer to determine a wide range of dependability 

attributes of various LRUs of the aircraft, as well as a wide range of costs 

associated with operating the aircraft. The Fuel Costs Screen (Figure 38) 

provides fields for variables associated with the cost of operating the generators 

on the aircraft. The Spares Costs screen (Figure 39) provides fields for variables 

associated with the cost of maintaining adequate spare generators. The Line 

Maintenance Costs screen (Figure 40) provides fields for variables associated 

with the cost of maintenance un Li it; line due to main generator failure. The Shop 

Maintenance Costs Screen (Figure 41) provides fields for "variables associated 
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with the cost of maintenance in the shop due to main generator failure. The 

Scheduled Maintenance Costs screerT( Figure "42 )^rovides~fi'elds^for variables 

associated with the costs of scheduled maintenance on the generators. The 

Schedule Interruption Costs screen (Figure 43) provides fields for variables 

associated with the cost of delays, cancellations, turnbacks and diversion of the 

airplane caused by generator failure. The Dependability Cost Summary Screen 

83 (Figure 44) provides the costs per fleet of 25 airplanes (column 83a) for thirty 

years, while the right column (column 83b) provides the cost per airplane per 

year. The "Dependability Cost" fields represent the sums of all the various 

components of dependability cost to operate the generators. "Dependability 

Cost" is an independent system attribute for "weight", a major driver, and 

therefore is a good trade study discriminating element between candidate 

systems. 

[00127] Referring now to Figure 45, the "Reliability" selection in the third 
pull down menu is shown as being selected, which produces a fourth pull down 
menu having the selections "Reliability Inputs", "Main Power Reliability", "Backup 
Power Reliability", "Standby Power Reliability" and "FCDC Power Reliability". 
The screens associated with these menu options are shown in Figures 46-50, 
respectively. Figure 46 provides a designer with a plurality of calculated 
reliability values for various LRUs of the aircraft. As with other screens, the 
designer can choose to lock-in one or more of these values, and subsequent 
upstream caicuiations wiii nol mutiny the locked-in value. 
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[00128] Figure 47 illustrates the "Main Power Reliability" screen 84 
which displays calculated probabilities for"the~lbss ofThairTpower, as~well as the 
loss of power from the left main generator, right main generator and APU 
generator. Figure 48 illustrates the "Backup Power Reliability" screen 85 which 
displays probabilities for the loss of backup power, main power, and the 
probability of loss of power from the backup generators. 

[00129] Figure 49 illustrates the "Standby Power Reliability" screen 86 
showing the calculations made by the system 10 relating to the probability of a 
loss of "Standby Power", as well as probabilities of the loss of "Backup Power", 
loss of "RAT power" (Ram Air Turbine), loss of "Battery Power", as well as the 
probability of failure of battery components of the aircraft. Figure 50 shows the 
"FCDC Power Reliability" screen 88 which provides the designer with the 
probability of the loss of all flight control DC power as well as the loss of "standby 
power" and the loss of power from the permanent magnet generator of the 
aircraft. 

[00130] Referring to Figure 51 , the third menu selection, "Maintainability" 
in the third pull down menu is shown as being selected. This selection produces 
a fourth pull down menu with the selections "Maintenance Times", "Preparation 
Times" and "Inherent Availability". The "Maintainability" module of the system 10 
essentially calculates inherent availability (IA) for the main generator system of 
the aircraft. Figure 52 illustrates the "Maintenance Times" screen 90. This 
screen provides the user with the iniormaiiun ihal ihe system 10 has calculated 
relating to the mean corrective time (MCT) for unscheduled removals, servicing, 
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alignment and adjustment of various power system components of the aircraft. It 

also includes a plurality of HWaintenance corTecti^tim^inpufs~"foT~ sacfrtyperof ' 

maintenance required to be performed, as well as sums those inputs to arrive at 

an MCT for each type of maintenance needed. Finally, this module requires the 

input of each maintenance frequency by the designer. As with other screens, 

these values can be changed and/or locked-in by the designer. 

[00131] Figure 53 illustrates the "Preparation Times" screen 92. This 
screen presents information calculated by the system 10 relating to the mean- 
preparation-time (MPT) for unscheduled removals, servicing, alignment and 
adjustment. It also includes several maintenance preparation time inputs for 
each type of maintenance and sums those inputs to arrive at a MPT for each 
type of maintenance. 

[00132] Figure 54 illustrates the "Inherent Availability" screen 94 which 
provides the designer with values determined by the system 10 relating to the 
mean-maintenance-preparation-time (MMPT) and mean-time-to-repair (MTTR), 
which are weighted averages of the MPT and MCT for the three types of 
maintenance. This screen also provides information relating to the mean- 
maintenance-down-time (MMDT) which is the sum of these three above- 
described types of maintenance. The mean-type-between-maintenance (MTBM) 
is determined by combining the unscheduled removal, servicing, and 
alignment/adjustment frequencies. The inherent availability is calculated by the 
modei: MT5m/(MTBMtMTv1DT). 



28 



igref: 01-157(001976) 
Attorney Docket No. 7784-000260 

[00133] Referring now to Figure 55, the "Weight Summaries" menu 




option in the second pull down menu is shown as~having"been"selected7 -This 
produces a third pull down menu with the selections "ATA 24 Weight Summary", 
"FC 32 Weight Summary" and "Below Wing Weight". The "ATA 24 Weight 
Summary" selection has been selected which produces a fourth pull down menu 
providing 15 weight menu options which may be selected by the designer. 
These screens associated with these options are illustrated in Figures 56-70, 
respectively. These screens illustrate the weights of each of a large plurality of 
components forming the EPGDS of the aircraft. Figure 71 illustrates the menu 
options which may be selected when the "FC 32 Weight Summary" selection is 
selected, thus producing a fourth pull down menu providing 14 different options. 
The 14 screens associated with these options, plus 31 lower level screens, are 
illustrated in Appendix B, hereby incorporated by reference into the present 
application. These screens embody a complete ordered weight listing of the 
EPGDS tailored expressly for the mass property engineer. Appendix C illustrates 
the screen associated with the "Below wing weight" option, and is also hereby 
incorporated by reference. This screen embodies EPGDS weight elements of 
interest to a propulsion mass properties engineer. 

[00134] Figure 72 illustratos the "Report" menu tab having been 
selected, which produces three repol types available to the designer from a first 
pull down menu. The first report is an "FC 32" report shown in Figures 73A and 
73B. This report contains a!! tsc components of the EPGDS sorted by 
component number and provides a component designation, quantity, unit and 
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subtotal weight, and body statkin center of gravity. Figure 74 shows the screen 

~95^ssbciat^^ith~th^"^ option - ih"FigTTre~72. Figure r 75' 

illustrates the third menu option, "Charts" having been selected, which produces 

a second pull down menu with six screens available to the designer. The 

"Dependability Cost Summary" screen 100 (Figure 76) illustrates graphs relating 

to various dependability factors calculated by the system 10. Figure 77 illustrates 



the "FC 32 Total EPGDS W 
graph of the total EPGDS 



01 AC Power System Weigh 
of the EPGDS falls on a two 



iight" screen 102. This screen 102 represents a 
weight for a given type of aircraft capable of 



accommodating a given numser of passengers. Figure 78 illustrates the "FC 32- 



screen 104 which shows where the ASSET weight 
dimensional graph with relation to existing aircraft as 



a function of total kVA. Fidure 79 represents the "FC 32-08 Power Panels + 
ELMS" screen 106. Screen ^106 shows where the ASSET weight of the FC 32-08 
Power Panels + ELMS falls on a two dimensional graph with relation to existing 
aircraft "as a function of JlTOW. Figure 80 illustrates the "FC 32-01-90 AC 



Electrical System Wiring" 
weight of the FC 32-01 
dimensional graph with relc 



>creen 108. Screen 108 shows where the ASSET 
90 AC Electrical System Wiring falls on a two 
tion to existing aircraft as a function of maximum flight 
phase loads times fuselage length. Figure 81 illustrates the "Below Wing Weight" 
screen 110 which is a gr* ph 108 shows where the ASSET weight of the below 
wing weight falls on a two dimensional graph with relation to existing aircraft as a 

IUI Il/LIUI I KJt IVI I WW. I 
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[00135] Appendix D is provided in the accompanying Computer 
Program-bisting-Appendix~andine^ 

operations set forth in Appendix A. Appendix D is also hereby incorporated by 
reference. 

[00136] The present invention thus forms a means by which a designer 
can better influence the design and weight characteristics of the EPGDS for an 
aircraft. The invention further allows the designer to modify selected variables of 
the aircraft and/or the EPGDS system and to re-calculate a wide ranging number 
of important attributes of the EPGDS system. 

[00137] The description of the invention is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are intended 
to be within the scope of the invention. Such variations are not to be regarded as 
a departure from the spirit and scope of the invention. 
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